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Document Name: Specification 

Title of Invention: Charged Particle Beam Exposure 

Apparatus, Charged Particle Beam Exposure Apparatus 

Adjustment Method and Semiconductor Device Method of 

Manufacture 

Claims 

A charged particle beam exposure apparatus that 
illuminates a reticle on a reticle stage by means of an 
illumination optical system and transfers the pattern 
formed on the reticle to a wafer on a wafer stage by means 
of a projection optical system; characterized in that it 
has a magnetic sensor that detects fluctuating magnetic 
fields and a magnetic field compensation coil at at least 
one of the interval between the illumination optical system 
and the projection optical system or the interval between 
the projection optical system and the wafer stage, and in 
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that it has a magnetic field compensator that adjusts the 
electric current that flows to the magnetic field 
compensation coil so that the fluctuating magnetic fields 
detected by the magnetic sensor can be compensated. . 

The charged particle beam exposure apparatus described 
in Claim 1; characterized in that the magnetic sensor and 
the magnetic field compensation coil provided in the 
interval between the illumination optical system and the 
projection optical system are provided between the 
illumination optical system and the reticle stage. 

The charged particle beam exposure apparatus described, 
in Claims 1 or 2; characterized in that the said magnetic 
sensor and magnetic field compensation coil respectively 
consist of three sets of coils, where the magnetic sensor 
detects magnetic fields in the directions of each of the 
axes in an x-y-z rectangular coordinate system in which the 
optical axis of the illumination optical system and the 
projection optical system is the z axis, and the three sets 
of magnetic field compensation coils respectively generate 
magnetic fields in the directions of each of the axes in an 
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x-y-z rectangular coordinate system. 
Claim 4 The charged particle beam exposure apparatus described in 

Claim 3; characterized in that the magnetic sensor consists, 
of 

(1) a coil that is wrapped centering on said z axis and 
detects magnetic fields in the z axis direction, 

(2) a coil that is wrapped about an axis parallel to the x 
axis and detects magnetic fields in the x axis 
direction, and 

(3) a coil that is wrapped about an axis parallel to the y 
axis and detects magnetic fields in the y axis 
direction, 

and in that the three sets of magnetic field 
compensation coils consist of 

(1) a coil that is wrapped centering on said z axis and 
generates magnetic fields in the z axis direction, 

(2) a coil that is wrapped about an axis parallel to the x 
axis and generates magnetic fields in the x axis 
direction, 
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Claim 6 



Claim 7 



Klarquist, Sparkman, Campbell, Leigh Sc'Whinston, LLP 



(3) a coil that is wrapped about an axis parallel to the y 
axis and generates magnetic fields in the y axis 
direction. 

A charged particle beam exposure apparatus described in 
any one of Claims 1 through 4; characterized in that said 



magnetic sensor is provided so as to be separated from said 
z axis direction further than said magnetic field 
compensation coil. 

A charged particle beam exposure apparatus described in 
any one of Claims 1 through 4; characterized in that said 
magnetic sensor consists of a coil, and this coil also acts 
as a magnetic field compensation coil. 

An adjustment method for a charged particle beam 
exposure apparatus described n any one of Claims 1 through 
6; characterized in that the ratio of the magnetic field 
detected by the magnetic sensor and the electric current 
that flows to the magnetic field compensation coil is 
experimentally obtained in advance, and the electric 
current that flows to the compensation coil is determined 
based on the actually detected magnetic field and this 
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ratio. 

Claim 8 A semiconductor device method of manufacture 

characterized in that it results from having a process that 
uses an electron beam exposure apparatus described in any 
one of Claims 1 through 6 and exposure transfers the image, 
of the pattern formed on a mask or a reticle onto a mask. 
[Detailed Description of the Invention] 

[0001] Technical Field of the Invention 

The present invention pertains to a charged particle 
beam exposure apparatus that has a function that 
compensates for the effects of floating magnetic fields, a 
method of adjusting same, and a semiconductor device method 
of manufacture that uses this charged particle beam 
exposure apparatus . 

[0002] [Prior Art] 

As the level of integration required of semiconductor 
devices becomes higher, it becomes necessary to form 
circuit patterns whose minimum line width is less than 100 
run on the wafer, and it is becoming impossible to use 
conventional optical system exposure transfer apparatuses. 
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Step and repeat exposure transfer system charged particle 
beam exposure apparatuses have attracted attention as 
apparatuses that are able to exposure transfer this type of. 
minute line width pattern at high throughput. 
003] When this type of charged particle beam exposure 

apparatus is used to perform exposure transfer from a 
reticle to a wafer, there are cases where the track of the 
charged particle beam is disturbed and exposure transfer 
precision deteriorates due to the effects of floating 
magnetic fields outside the charged particle beam exposure 
apparatus. It is thought that, as a countermeasure for 
this, an electric current with the appropriate 
amplification could be provided to correspond to the 
floating magnetic field using three coils (approximately 50 
cm in diameter) whose axes are mutually perpendicular 
installed at positions approximately 4 m from the charged 
particle beam exposure apparatus to negate the floating 
magnetic field. 
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[0004] [Problems to be Solved by the Invention] 

However, when a Helmholtz coil of approximately 50 cm 

in diameter is installed at a location . 4 m from the charged 

particle beam exposure apparatus, the problem of 

interference with other peripheral power sources, etc. as 

t 

well as the problem of having to make the cleanroom large 
occur. In addition, in this method, there is a problem in 
that the floating magnetic field shielding ratio is limited 
to approximately 1/10, and a, sufficient effect cannot be 
achieved. There is also a problem in that the magnetic 
field from the magnetic field generation source (for 
example, a linear motor) between the apparatus and the coil 
cannot be negated. 
[0005] The present invention was devised with these 

circumstances in mind, and its issue is to provide a 
charged particle beam exposure apparatus that is able to 
negate the effects of floating magnetic fields and which 
has a good shielding ratio without using a large apparatus. 
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[0006] [Means to Solve Problems], 

The first means to solve the aforementioned problems is 
a charged particle beam exposure apparatus that illuminates 
a reticle on a reticle stage by means of an illumination 
optical system and transfers the pattern formed on the 
reticle to a wafer on a wafer stage by means of a 
projection optical system; characterized in that it has a 
magnetic sensor that detects fluctuating magnetic fields 
and a magnetic field compensation coil at at least one of 
the interval between the illumination optical system and 
the projection optical system or the interval between the 
projection optical system and the wafer stage, and in that 
it has a magnetic field compensator that adjusts the 
electric current that flows to the magnetic field 
compensation coil so that the fluctuating magnetic fields 
detected by the magnetic sensor can be compensated (Claim 
1). 

[0007] In this means, the fluctuating magnetic fields 

(floating magnetic fields) are detected by a magnetic 
sensor provided within the charged particle beam exposure 
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apparatus, and electric currents that would negate these 
fields flow to the magnetic field compensation coil 
provided within the charged particle beam exposure 
apparatus. Therefore, it is possible to locally negate the 
magnetic fields in small coils, so large-scale equipment is 
not needed, and an effect that combines with the shield 
effect of ferromagnetic bodies of the envelope of the , 
illumination optical system and the projection optical 
system can be achieved, so it is easy to make the make the 
floating magnetic field shielding effect better than 1/30. 
Note that the floating magnetic fields are external 
magnetic fields generated by apparatuses other than the 
charged particle beam exposure apparatus. 
[0008] The second means to solve the aforementioned problems 

is the aforementioned first means; characterized in that 
the magnetic sensor and the magnetic field compensation 
coil provided in the interval between the illumination 
optical system and the projection optical system are 
provided between the illumination optical system and the 
reticle stage (Claim 2) . 
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[0009] Reticles are arranged between the illumination optical 

system and the projection optical system, but generally the 
space between the illumination optical system and the 
reticle is wider than that between the reticle and the 
projection optical system. Therefore, efficient utilization 
of space can be pursued by providing the magnetic sensor 
and the magnetic field compensation coil between the 
illumination optical system and the reticle stage. 

[0010] The third means to solve, the aforementioned problems is 

the aforementioned first or second means; characterized in 
that the aforementioned magnetic sensor and magnetic field 
compensation coil respectively consist of three sets of 
coils, where the magnetic sensor detects magnetic fields in ., 
the directions of each of the axes in an x-y-z .rectangular 
coordinate system in which the optical axis of the . 
illumination optical system and the projection optical 
system is the z axis, and the three sets of magnetic field 
compensation coils respectively generate magnetic fields in 
the directions of each of the axes in an x-y-z rectangular 
coordinate system (Claim 3) . 
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[0011] In this means, fluctuating magnetic fields in the 

directions of the three axes are independently detected, 
and the magnetic fields that are generated from the 
respective corresponding coils are negated, so fluctuating 
magnetic fields can be reliably negated. 

t 

[0012] The fourth means to solve the aforementioned problems 

is the aforementioned third means; characterized in that 
the magnetic sensor consists of 

(1) a coil that is wrapped centering on the aforementioned 
z axis and detects magnetic fields in the z axis 
direction, 

(2) a coil that is wrapped about an axis parallel to the x 
axis and detects magnetic fields in the x axis 
direction, and 

(3) a coil that is wrapped about an axis parallel to the y 
axis and detects magnetic fields in the y axis 
direction, 

and in that the three sets of magnetic field 
compensation coils consist of 
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(1) a coil that is wrapped centering on the aforementioned 
z axis and generates magnetic fields in the z axis 
direction, 

(2) a coil that is wrapped about an axis parallel to the x 
axis and generates magnetic fields in the x axis 
direction, 

(3) a coil that is wrapped about an axis parallel to the y 
axis and generates magnetic fields in the y axis 
direction (Claim 4) . 

[0013] In this means, as will be explained below using 

drawings in the embodiments, it is possible to incorporate 
the magnetic field detection coil and the magnetic field 
generation coil into a narrow space within the charged 
particle beam exposure apparatus. Therefore, the charged 
particle beam exposure apparatus never becomes large. 

[0014] The fifth means to solve the aforementioned problems is 

any of the aforementioned first through fourth means; 
characterized in that the aforementioned magnetic sensor is 
provided so as to be separated from the aforementioned z 
axis direction further than the aforementioned magnetic 
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field compensation coil (Claim 5) . 

[0015] In this means, the magnetic sensor is provided at a 

position separated from the z axis, so external magnetic 
fields can be accurately detected. Also, the magnetic field 
compensation coil is provided near the z axis, so it is 
possible to effectively compensate magnetic fields in the 
vicinity of the optical axis. 

[0016] The sixth means to solve the aforementioned problems is 

any of the aforementioned first through fourth means; 
characterized in that the aforementioned magnetic sensor 
consists of a coil, and this coil also acts as a magnetic 
field compensation coil (Claim 6) . 

[0017] In this means, the magnetic sensor and magnetic field 

compensation coil are combined, so commensurate reduction 
of components is possible, and the apparatus can be made 
more compact. However, in using this means, rather than 
regulating the electric current that flows to this coil so 
that the magnetic field detected by the coil becomes 0, the 
question of what multiple of the detected magnetic field 
the generated magnetic field should be is experimentally 



Shibata Language Services • 1450 NW 5th CT • Gresham OR 97030 
TEL: (503) 666-4327 • FAX: (503) 661-3141 
E-mail: shibatalanguage@compuserve.com 




Page: 14 

Japanese -H> English Patent No. 2000-368005 
Klarquist, Sparkman, Campbell, Leigh &' Whins ton, LLP. 

answered, a compensation electric current is caused to flow 
according to that ratio, and, for the first time, the 
effects of external magnetic fields can be completely- 
compensated . 

[0018] In addition, by using a method whereby coil is used as. 

the magnetic sensor to measure the floating magnetic field 
between exposure transfers and coil is used as the magnetic 
field compensation coil during exposure transfer and an 
electric current that would negate, the measured floating 
magnetic field is caused to flow, the floating magnetic 
field can be negated. 

[0019] The seventh means to solve the aforementioned problems 

is the charged particle beam exposure apparatus adjustment 
method of any of the aforementioned first through sixth 
means; characterized in that the ratio of the magnetic 
field detected by the magnetic sensor and the electric 
current that flows to the magnetic field compensation coil 
is experimentally obtained in advance, and the electric 
current that flows to the compensation coil is determined 
based on the actually detected magnetic field and this 
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ratio (Claim 7 ) . 

[0020] In this means, the ratio of the magnetic field detected 

by the magnetic sensor and the electric current that flows 
to the magnetic field compensation coil, which is required 
to negate that magnetic field, is experimentally obtained 
in advance, and the electric current required to negate the 
fluctuating magnetic field can be accurately provided to 
the magnetic field compensation coil. 

[0021] The eighth means to solve the aforementioned problems 

is a semiconductor device method of manufacture 
characterized in that it results from having a process that 
uses any of the aforementioned first through sixth means 
and exposure transfers the image of the pattern formed on a 
mask or a reticle onto a mask (Claim 8) . 

[0022] In this means, exposure transfer is performed using a 

charged particle beam exposure that is not likely to be 
affected by floating magnetic fields, so it is possible to 
manufacture semiconductor devices that have minute patterns 
with high precision. 
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[0023] [Embodiment of the Invention] 

An example of an embodiment of the present invention 
will be explained below using drawings. FIG. 1 is a drawing 
that shows an overview of the charged particle exposure 
apparatus that is an example of an embodiment of the 
present invention. In FIG. 1, 1 is an electron gun, 2 and 3 
are condenser lenses, 4 is a beam formation aperture, 5 is 
an illumination lens, 6 is a ferrite stack, 7 is a 
deflecting coil (and dynamic compensation lens), 8 is a 
search coil, 9 is a compensation coil, 10 is a reticle, 11 
is the first projection lens, 12 is a lens core, 13 is the 
second projection lens, 14 is a lens core, 15 is an 
external magnetic field detection circuit, .16 is an 
external magnetic field compensation circuit, 17 is a . 
ferrite stack, 18 is a deflecting coil, 19 is a dynamic 
compensation lens, 20 is a dynamic astigmatic compensation 
lens, 21 is a search coil, 22 is a compensation coil, 23 is 
a wafer, 24 is a ferrite stack, 25 is a deflecting coil, 26 
is a dynamic compensation lens, 27 is a dynamic astigmatic 
compensation lens, 28 is an external magnetic field 
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detection circuit, and 29 is an external magnetic field 
compensation circuit. 

[0024] An electron beam emitted from the electron gun 1 is 

condensed by the condenser lenses 2 , 3 , and the beam 
formation aperture 4 is illuminated at uniform strength. 
The electron beam formed by the beam formation aperture 4 
illuminates one subfield of the reticle 10 by means of the 
illumination lens 5. The electron beam, which has been 
formed into a pattern by the reticle 10, projects the image 
of the pattern of the reticle 10 onto a wafer 23 by means 
of the first projection lens 11 and the second projection 
lens 13 . When exposure transfer of one subfield is 
completed, the electron beam is deflected by the deflecting 
coil 7, and the next subfield in the main deflection 
direction is illuminated. 

[0025] In this way, after the subfields in the main deflection 

direction are scanned by defection and sequentially 
exposure transferred, the reticle and the wafer are 
continuously moving, so a status results in which it is 
possible to perform exposure transfer of the subfields of 
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the next stage in a direction that is perpendicular to the 
main deflection direction. This is repeated so that all 
reticle patterns are transferred to all wafers. The actions 
of the dynamic compensation, lens, the ferrite stack, etc. 
are well known, and explanations of these will be omitted, 
as they are not directly related to the present invention. 

In the present embodiment of the invention, search, coil 
(magnetic field detector) 8, which detects external 
magnetic fields, and compensation coil (magnetic field 
compensation coil) 9 are provided below the illumination 
lens 5 at positions such as those shown in the drawing. The 
external magnetic field detected by search coil 8 is 
changed to an electrical signal by external magnetic field 
detection circuit 15 and is provided to external magnetic 
field compensation circuit 16. External magnetic field 
compensation circuit 16 negates the external magnetic field 
by providing to compensation coil 9 an electric current 
that corresponds to the detected external magnetic field. 

As shown in the drawing, in the same way, at the lower 
side of the second projection lens 13 as well are provided 
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a search coil 21 and a compensation coil 22. The external 
magnetic field detected by search coil 21 is changed to an 
electrical signal by external magnetic field detection 
circuit 28 and provided to external magnetic field 
compensation circuit 29. External magnetic field 
compensation circuit 29 negates the external magnetic field 
by providing to compensation coil 2 an electric current 
that corresponds to the detected external magnetic field. 
[0028] FIG. 2 shows an example of the actual arrangement of 

the search coil and the magnetic field compensation coil. 
In FIG. 2, (a) . is the A-A'cross section, and (b) is a 
drawing that views the top from the B-B ' position. 31 is a z 
axis direction magnetic field compensation coil, 32 is an x 
axis direction magnetic field compensation coil, 33 is a y 
axis direction magnetic field compensation coil, 34 is a z 
axis direction search coil, 35 is an x axis direction 
search coil, 36 is a z axis direction search coil, 37 is 
the pole piece of the illumination lens 5, and 38 is the 
pole piece of the first projection lens 11. 
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[0029] The search coils and the magnetic field compensation 

coils of the respective axis directions are attached to the 

pole piece of the illumination lens 5. At the centermost 

axis side, the z axis direction magnetic field compensation 

coil 31 is wrapped around concentrically so that it goes 

i 

around the z axis, and by causing an electric current to 
flow to the coil, the magnetic field in the z axis 
direction is formed to be axially symmetrical centering on 
the z axis. 

[0030] Outside this, the x axis direction magnetic field 

compensation coil 32 and the y axis direction magnetic 
field compensation coil 33 are provided. The x axis 
direction magnetic field compensation coil 32 is wrapped 
around in a saddle-like way between -45° and +45° in the 

drawing at a position that has y axis symmetry with. this. 
This causes an x axis direction magnetic field to be ' 
generated. Of course, the two coils that mutually have y 
axis symmetry are such that they generate an x axis 
direction magnetic field facing the same way. 
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[0031] In the same way, the y axis direction magnetic field 

compensation coil 33 is wrapped around in a saddle-like way 
between 45° and 135° in the drawing at a position which has 

x axis symmetry with this. This causes a y axis direction 
magnetic field to be generated. Of course, the two coils 
that mutually have x axis symmetry are such that they 
generate a y axis direction magnetic field facing the same 
way. 

[0032] Outside this, the z axis .direction search coil 34 is 

wrapped around by the same method as the z axis direction 
magnetic field compensation coil 31, and it is such that it 
detects only z axis direction magnetic fields. In addition, 
outside this, the x axis direction search coil 35 and the y 
axis direction search coil 36 are wrapped around by the 
same method as the x axis direction magnetic field 
compensation coil 32 and the y axis direction magnetic 
field compensation coil 33, and they such that they 
respectively detect only x axis direction magnetic fields 
and y axis direction magnetic fields. 
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[0033] In this type of arrangement, the reason that the 

respective search coils are provided outside the magnetic 
field compensation coils is that the design is such that 
the magnetic field resulting from the deflector provided in 
the body tube interior and the magnetic field resulting 
from the dynamic focus lens do not reach the search coils, 
and the search coils are able to detect only external 
magnetic fields. In contrast with this, the magnetic field 
compensation coils are provided close to the optical axis 
so that compensation can be performed by as small an 
electric current as possible. 

[0034] The above are examples of search coils and magnetic 

field compensation coils provided in the interval between 
the illumination optical system and the projection optical 
system, but those provided between the interval between 
[sic?] the projection optical system and the wafer stage 
can also be realized with the same configuration. 

[0035] The following method is an example of a method of 

performing compensation using search coils and magnetic 
field compensation coils with this type of arrangement. 
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Specifically, a Helmholtz coil is placed at a position that 
is sufficiently separated from the optical axis, and a 
uniform magnetic field is generated. At this time, the 
electric current I s8 that flows to the search coils and the 

amount of shake of the beam on the optical axis will be 

■ t 

detected. . 

[0036] .' Then, an electric current is caused to flow to the 

magnetic field compensation coil in this status to provide 
a compensation magnetic field, and beam shake is brought to 
0. If the value of electric current that flowed to the 
magnetic field compensation coil when beam shake returned 
to 0 is I c8 , the ratio of this I c8 and I s8 is I c8 /I s8 = k. 
At the time of compensation, if an I s electric current is 

detected by the search coil, an electric current that is k 
times this is made to flow to the magnetic field 
compensation circuit. This is implemented independently in 
the x, y and z axis directions. Instead of looking at beam 
shake, it would also be acceptable to place a magnetic 
field detector in the vicinity of the optical axis and 
perform an adjustment such as the above with this as the 
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standard. 

[0037] In addition, in the above embodiment, the search coil 

and the magnetic field compensation coil are separately- 
provided, but these may be shared as well. Specifically, 

how many times the value of the electric current detected . 

t 

by the coil the opposite phase electric current must be to 
bring beam shake to 0 can be experimentally determined in 
advance, and an electric current that corresponds to that 
ratio can be caused to flow. In addition, in a step and 
repeat exposure apparatus, there is a prescribed time 
interval from exposure of one subfield to exposure of the 
next subfield, so measurement of the. external magnetic 
field is performed at this time, and external magnetic 
field compensation may be performed using the same coils 
during exposure. 

[0038] Below, an example of an embodiment of the semiconductor 

device method of manufacture relating to the present 
invention will be explained. FIG. 3 is a flowchart that 
shows an example of the semiconductor device manufacturing 
method of the present invention. The manufacturing process 
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of this example includes the following respective main 
processes . 

(1) A wafer manufacturing process for manufacturing a wafer . 
(or a wafer preparation process for preparing a wafer) 

(2) A mask manufacturing process for making the mask used 
in exposure (or a mask preparation process that 
prepares a mask) 

(3) A wafer processing process for performing the 
processing treatment required by the wafer 

(4) A chip assembly process in which chips formed on the 
wafer are cut out one at a time to render them operable 

(5) A chip inspection process for inspecting the chips made 

Note that the respective processes consist of a 
number of sub-processes. 

Among these main processes, the main process that has a 
decisive effect on the performance of the semiconductor 
device is the wafer processing process. In this process, 
the designed circuit pattern is sequentially laminated onto 
the wafer, and a plurality of chips that operate as 
memories and MPUs are formed. This wafer processing process 
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includes the following respective processes. 

(1) A thin film formation process that forms the dielectric 
thin film that is the insulating layer or a metal thin 
film, etc. that forms the wiring portion or the 
electrode portion (CVD or spattering, etc. is used) 

(2) An oxidation process that oxidizes this thin film layer 
or the wafer substrate 

(3) A lithography process that forms the pattern of the 
resist using a mask (reticle) for selectively 
processing the thin film layer, the wafer substrate, 
etc. 

(4) An etching process that processes the thin film layer 
or the substrate according to the resist pattern (for 
example, using dry etching technology) 

(5) An ion/impurity implantation dispersion process 

(6) A resist peeling process 

(7) An inspection process for inspecting the processed 
wafer further 

Note that the wafer processing process is repeated for 
the required number of layers to manufacture a 
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semiconductor device that will operate according to the 
design. 

[0040] FIG. 4 is a flowchart that shows the lithography- 

process that is the nucleus of the wafer processing process 
of FIG. 3. This lithography process includes the following 
respective processes. 

(1) A resist coating process that coats the resist onto the 
wafer on which a circuit pattern was formed in the 
process of the preceding , stage 

(2) An exposure process that exposes the resist 

(3) A development process that develops the exposed resist 
to obtain a resist pattern 

(4) An annealing process for stabilizing the developed 
resist pattern 

The above semiconductor device manufacturing process, 
wafer processing process and lithography process are well 
known, and we do not feel that a further explanation is 
required. In the embodiment of the present invention, a 
charged particle beam exposure apparatus relating to the 
present invention is used in the exposure process of the 
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lithography process. Therefore, it is not easily- 
susceptible to the effects of floating magnetic fields, and 
it is capable of accurate exposure transfer, so it is 
possible to manufacture a semiconductor device having 
minute patterns with high precision. 
[0041] [Effects of the Invention] 

As explained above, in the invention of the present 
invention that relates to Claim 1, it is possible to 
achieve an effect that combines with the shielding effect 
of the ferromagnetic bodies of the envelope of the 
illumination optical system and the projection optical 
system without the need for large equipment, so it is 
possible to easily obtain a good floating magnetic field 
shielding ratio . 

[0042] In the invention relating to Claim 2, it is possible to 

pursue effective utilization of space. 

In the invention relating to Claim 3 , it is possible to 
reliably negate fluctuating magnetic fields. 

In the invention relating to Claim 4, the charged 
particle beam exposure apparatus is never made large. 
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In the invention relating to Claim 5, a magnetic sensor 
is able to accurately detect external magnetic fields, and, 
a magnetic field compensation coil is able to effectively 
compensate magnetic fields in the vicinity of the optical 
axis . 

In the invention relating to Claim 6, it is possible to 
reduce the number of coils. 

In the invention relating to Claim 7, it is possible to 
accurately provide the electric current required to negate 
the fluctuating magnetic field to the magnetic field 
compensation coil. 

In the invention relating to Claim 8, it is possible to 
manufacture a semiconductor device that has minute patterns 
with high precision. 
[Brief Explanation of the Drawings] 

A drawing that shows an overview of a charged particle 
beam exposure apparatus that is an example of the 
embodiment of the present invention 

A drawing that shows an example of the actual 
arrangement of the search coils and the magnetic field 
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compensation coils 
FIG. 3 A flowchart that shows an example of the semiconductor 

device method of manufacture the present invention 
FIG. 4 A flowchart that shows the lithography process 

[Explanation of Codes] 

I electron gun 
2, '3 condenser lens 

4 beam formation aperture 

5 illumination lens 

6 ferrite stack 

7 deflecting coil (and dynamic 
compensation lens) 

8 search coil 

9 compensation coil 

10 reticle 

II first projection lens 

12 lens core 

13 second projection lens 

14 lens core 

15 external magnetic field detection 
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circuit 

16 external magnetic field compensation 
circuit 

17 ferrite stack 

18 deflecting coil 

19 dynamic compensation lens 

20 dynamic astigmatic compensation, lens 

21 search coil 

22 compensation coil 

23 wafer 

24 ferrite stack 

25 deflecting coil 

26 dynamic compensation lens 

27 dynamic astigmatic compensation lens 

28 external magnetic field detection 
circuit 

29 external magnetic field compensation 
circuit 

31 z axis direction magnetic field 



compensation coil 
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32 x axis direction magnetic field 
compensation coil 

33 y axis direction magnetic field 
compensation coil 

34 z axis direction search coil 

35 x axis direction search coil 
3 6 z axis direction search coil 

37 pole piece of illumination lens 5, 



38 pole piece of first projection lens 11 
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1 . Wafer manufacturing process 

2 . Wafer 

3 . Wafer processing process 

4 . Chip assembly process 

5. Chip 

6 . Chip inspection process 

7. ' Product (semiconductor device) 

8. CVD 

Spattering 
Oxidation 

Ion implantation 
Dry etching 

9 . Mask manufacturing process 

10. Reticle, mask 

11. Mask inspection process 

12 . Lithography process 

13 . Inspection process 

14. Repetition 
FIG. 4 
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1. Resist coating process 

2. Exposure process 

3 . Development process 

4. Annealing process 

Document Name: Abstract 

Received: December 4, 2000 

Patent: 2000-368005 (December 4, 2000) 

Page: 1/1 

Document Name : Abstract 

Summary 



Issue: To provide a charged particle beam exposure 
apparatus that is able to negate the effects of floating 
magnetic fields and which has a good shielding ratio 
without using a large apparatus. 

Solution means: A search coil 8 that detects external 
magnetic fields and a compensation coil 9 are provided 
below the illumination lens 5 at positions such as those 
shown in the drawings. The external magnetic field detected 
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by search coil 8 is changed into an electrical signal by an 
external magnetic field detection circuit 15 and provided . 
to an external magnetic field compensation circuit 16. 
External magnetic field compensation circuit 16 negates the 
external magnetic field by providing an electric current 
that corresponds to the detected external magnetic field to 
compensation coil 9. While, as shown in the drawing, a, 
search coil 21 and a compensation coil 22 are provided in 
the same way below the second projection lens 13 as well, 
external magnetic field detection circuit 28 and external 
magnetic field compensation circuit 29 are provided. Thes,e 
operate in the same way as those provided below 
illumination lens 5. 
Selected drawing: FIG. 1 
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* * * 



While all translations are carefully prepared and reviewed, 
please note that liability for incidental or consequential 
damages occasioned by omissions, additions, or differences 
of interpretation shall not exceed the translation fee. 
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